
-Ai93 992 LIGHTNEIGNT TOMED HOWITZER DEMONSTRATOR PHASE I AND 114
PARTIAL PHASE 2 VOLUM U FMC CORP MINNERPOLIS NINN
NORTHERN ORDNANCE DIV R RATHE ET AL APR 87

UNCLASSIFIED FMC-E-3841-VOL-D2-PT-4 DRRA21-86-C-8947 F/G 19/6 NLsIIIIIImoIIIII
EhhmhhEEEmhhhEElllEIIEEEElllE
EEI/lllEEIhiiEE
llElhEllll~llEE
E/IIEE~lEEEEEEE
EEEEEEEEEElllEE



111-0 11012.0

11- 25 11111_L4 n~

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS 1963-A



UTIC FILE COE

Lightweight Towed Howitzer Demonstrator

Final Report

Volume D2 - Part IV

Structural Analysis of Cradle

D'TItC
ELE:.'

(~J April 1987

Contract Number DAAA21-86-C-0047

FMC CORPORATION
Northern Ordnance Division

4800 East River Road
Minneapolis, Minnesota 55421

ji App c@ br I %tbliC TV e O &

pjibutiofl tunliu. d

"THE VIEWS, OPINIONS, AND/OR FINDINGS CONTAINED IN THIS REPORT ARE
THOSE OF THE AUTHOR(S) AND SHOULD NOT BE CONSTRUED AS AN OFFICIAL

DEPARTMENT OF THE ARMY POSITION, POLICY OR DECISION, UNLESS SO

DESIGNATED BY OTHER DOCUMENTATION."

87 9 124.



DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (We Date Entered)

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
I. REPORT NUMBER 2. 0 VT ACCE SION NO. 3. RECIPIENT'S CATALOG NUMBER

4. TITLE (and Subtitle) 5 YEO EOT&PRO OEE

Final report for the Lightweight Towed Final: 20 December 1985 -

Howitzer Demonstrator13Mrh98
6. PERFORMING ORG. REPORT NUMBER

____ ___ ___ ____ ___ ___ ____ ___ ___ ____ ___ ___ E-3041
7. AUTHORIs 6. CONTRACT OR GRANT NUMSER~sI

Robert Rathe, FMC Program Manager DAA21-86-C-0047

Bart Anderson, FMC Project Manager

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PRO.JECT, TASK
AREA A WORK UNIT NUMBERS

FMC CORPORATION, Northern Ordnance Division Item 0001
4800 East River Road LTHD Phase I and Partial
Minneapolis MN 55421 Phase II

1 1. CONTROLLING OFFICE NAME AND ADDRES 12. REPORT DATE

AMCCOM April 1987
AMSMC-PCW-A(D 13. NUMBER OF PAGES

Dover NJ 07801-5001 4,'856
14. MONITORING AGENCY NAME & ADDRESS(I different from. Controling4 Office) 1S. SECURITY CLASS. (of this report)

AMCCOM Unclassified
AMSMC-FSA-F

DoverNJ 0701-501Is5. DECLASSIFICATION/DOWNGRADING

I6. DISTRIBUTION STATEMENT (of this Report)

Approved for public release, distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, It differentfrIom. Report)

Same as Block 16.

IC. SUPPLEMENTARY NOTES

None

19W KEY WORDS e(Conti on r.ersoa ide if nesasrv An~d identify by block niambo.1551W towed gun howi tzer, advancedweaPons, composite cradle, composite hydraulic actuators, composite trails. fie0ld artilleryweapon, firing stability analysis, howitzers, hydraulic control Valves with force feedback,hydraulic joystick control of gun direction, hydraulic inertial rawmer, hydraulic opening brech,
hydraulic primer autoloader, 1 ight.. .j.. .~ o .. ~ te .. ~rao 1Ln odOu fbatr
howitzer, mortar howitzer, recoil energy recovery, recoil mechanisaffi.4metal matrix compo-y
sites, titanium muzzll brake. titanium platform, titanium spade. titIdium walking beams, thermal
stability, towing stability analysis, unconventional weapons

20. A9STRACT (Can tinwe an reverse aidet It noeeery and Identify by block nwmber)

)The LTHD (Lightweight Towed Howitzer Demonstrator) was to be a 9,000 lb
equivalent to the 11198, transportable via Blackhawk helicopter, with
reduced emplacement time using fewer personnel. The FMC design achieved
weight reduction via a mortar-like configuration, composites structure, and
hydraulic actuators. Recovery of power from the recoil system, in turn
facilitated crew reduction via hydraulic emplacement, four-way joystici

tubelay nd p over raining. FMC completed Conept Development (Ph 1) and
two-thiras of Detailed Design (Ph II) prior to fund rinn out.

DD jN31473 £LDgTIoN 01 1 NOV 65 IS OUSOLITC UNCLASSIFIED
SECURITY CLASSIFICATION OF THi PAGE '*

7
,en Doi&Err



Vol/Sec Description

D2 Structural Analysis of Cradle
D2/050 Table of Contents

S D2/100 Structural Analysis of Cradle
112/110 NOD Work: Images 3D Model
D2/120 o February 4 run - Computer Results
D2/130 o January 22 run - Computer Results

S D2/140 NCR Memo: December 19, 1986
D2/150 NCR Memo: January 7, 1987
D2/160 o Computer Results - Model 7

S D2/165 MCR Memo: January 9, 1987
D2/170 NCR Memo: January 16, 1987
D2/180 MCR Memo: January 27, 1987

S D2/190 o Computer Results - Model 9
U. D2/200 o Stress Plots - Model 9

D2/210 o Stress Interpretation - Model 9
D2/220 NCR Memo: February 2, 1987

S D2/230 o Computer Results - Model 10
D2/231 o Computer Results - Model 10
D2/240 o Stress Plots - Model 10

S D2/250 Geometry Plots - Model 11
D2/260 NCR Memo: February 5, 1987
D2/270 o Computer Results -Model 11
D2/271 o Computer Results -Model 11
D2/280 NCR Memo: February 11, 1987
D2/290 o Computer Results - Model 11
D2/300 Geometry Plots - Model 12
D2/310 NCR Memo: February 14, 1987
D2/320 NCR Memo: February 27, 1987
D2/330 Computer Results - Model 13
D2/331 Computer Results - Model 13
D2/340 NCR Memo: March 3, 1987D2/350 Cradle Model/Plots
D2/351 Cradle Model

rD2/360 CEL Memo: November 25, 1986

D2/370 CEL Memo: December 16, 1986 Accesion For
D2/390 orque Pogram TI CR&D~c T

'Sr1uT~0 ! JL ~T~f~~c,4UAU~ Fie

KLIJ.



I
U
U

D2/350

I
U
I

CRADLE MODEL/PLOTS

U

I
I
I

I
I
I
I
U
0

- N.



UI M MM
IMI;11MIMMII ;

I.1111111Ml

U ~ . . . .... *.....* ***..*. ....... 0~0

I j 41 il ii :ffhuf I 4l11mmh~illhl~l:;lI

Ai1i * 44 24

-1 -1-1 -11 04 . -ts ft -J -0 qa i i i i 3 3. a a a [so if 2 i

is am mi I il - 1 4

5r il6 N~ .1 W6* W.8 -1; 11. 21; z; 1 n I I



MU 3HIM111

-H



1o M I a a tf 02

M I~~Ea IV .v. Z

oo ;a-a a U -aa

op.; 1- ... .. Aa~. X.e-~
3

- -0 f-*--- Nan --- aa. m a we 0l iaa en

HataW...X. X ........

-- a- -- - - - -- - - - - - - - - - -

------------a--------------------------------- --------------

---------a-- - ------

%. -.. z Sug t: 2

9 3! pi ;mE-qaft

n. 0- a . - M. MgS. C;: -3 . . .. an...... 5 .ede

P: C Sf- -. 2w 0;m- Cr P9 =- * yasse t-S 1%2 9: ZZ f

=~ . -- M.eTa. a awe . * a. a . ft *

own me mo a. ". a . aa .. a... 
3

.~ .. . . aft

*ta a -0 af .0f - a.0o a -- ft aS a .. N, e----- a ft -ft, .- f-a -

C ~ ~ ~ ~ ~ ~ ~ ~ ~ -- -~ CalqES q CA5-ff-------------

i-E-aC... a-e UIRaa.ffE maf-ae

e.1eaa.. .... e.2. m



* 2 f o IV. gClw 33o; Sox3 -01 3 c a ! -2 twi : -- *r M:

;u x . - ms.-c
U00 It a

:I-2 X*ac*a 3 33 -Nc- A---

se

~:... lcc~..aa *"""' " .. .... " a.... :....a""" "''"'''''"""c -l ** '

.. .... ff.... ....... ...... .. ..... . Wean..! aaai~iia iii-C -c

..ns..s.........n...... . ................... aen..... ...... .. .... . -
cnca.... ... ...... aa ....n..-.. .s......... .........sf........ . a
$nnfl.n nan....... V ........... ......acausul aa bi b..fl...... .-

ifU10 WI 'iSMUSI1 !O 'n o z l lit

90. C *M 2 t

aXCr .... &-WW9

S ~ ~ ~ ~ ~ ~ ~ ~ q fiaa Y5. -. d.n - .. s.. 0.00vo; arsclwmc .sc.a.nCa

NN .5nnn~n... a.. ...... tsa 4a.a . Oaaa. .. ae.. 0 3 3x

U ~Ow v .... e.~a.. .rm~' aapaaaaaaos 0
I aaon.

-------------------- ------------------ N

-- - - - -- - - - - - a - - - - - - - - - - - .A

--- --- --- -- --



!/
I

I

x? 331= all ca Al 1 o 1i l pr 13 la :I I -£i

WO - aW 0. 9z U. w x:2 3 X X t 2iIS 1 l .1 1. 3 X 5:
- flA. - -

aaaw..n...a..a ... 6 .fllll l ..all a.....aw.::.ala...alw. a".. C.. IIIIIII

' " " ... a.a.. " .. .V. . atfa ...... Z.

i i :j. .I . * ~ an.... i wi . .ai a. d I a aa ft::

a oe doh mamma" "met .MTV a-.. .. -

+ I aaa i..aaaal .':W*i ii aii !i ai.. .. .. . -. , a -. .a ....... ...... . .
o No aft--------- a a a a a a a a a -

-- - - -M a a a 0 0 -W w a a a a a -

;Ti :a I-i t xs

a 2Ta -------------- A MA a V* aa a a a a s 30-

2 2 t 2i aaaaaaa a aiiE ~

wa .'. .... a. a. a..a .. a....a -. .'. C

- : a. a. a" me a. b xan a0~ftd wea.........w

_I a .....i Ova

~~::;:a~ ~ ~ 7 me.~a: w a.'. 30 Ovai .a a! . ~ a 0 a a . * We .C . w .a at .w . w .
a..'V .. ...... a

II

-- -- C..a -----.. -a -- a 0 -ad

* a aaaa aaaww waa a7~77 .w wawwaa sawa

U jj NO--aa 3-'a'DUOa, .''- . -..



.. a 23 ; 7 ... .......

32 CHIM IMEAR.
a - aaftammv

an~sgs M CC.fle!ltnig0t

intpC5* ...... * I;:!- esss - n.. -v-n..
am %sX 22n;2- -2 7-* ' ty-aa

.... ~3 taxiM..

.a mam am :2O55 Ot "ftMU "4=W, anz4

1 -- - - - -- - - - - -
-------------------- ---------------- -------------

77m t F. 05-f - :"

77 a . 0 . M - 0am

a, 0~~~ X" amw ex . ZZ 92 EX. ft Zft*v

;,c cc~z O"; 0c Nc * 22 ;;a -U ;77 .q 22;lm

- pB~ji e il v-av-
2a. zmw OU I.. wr. Si. ;.ztn

.%nba...v- ;go a0 7: = : t. z~aafta
. SOI.-vfi - .. 2-. 2 2 u-4 ;X-c ;32 ;t. ofs: ..a~ v aft ft-

a ~ ~ ~ ~ ~ -. ----am - 0 t a _m _Mf -ft -------e 10 .. a.a---

CCC" III Z5M n9n 554 j 4 5 ZC aacqq act.jj 1'qc 1!S 59 2aag t
So' am Ia ca t, ft - n v--av-c--at v- c



3 A?7 11 pn za~nI a PS Vg g
U2a

" a- ~ pam- a . am -f me p. z ft a m mr

q 22 Is.t :ixz x S-3=i A

r...C- 24~se -- i 32.. 1o- w . s*.ta ~
ar a; a a a:' ameaN N

40 aa 0 a a 4 ae as.fM - aem c ll ft ft f a 1 .a

NU NU 
a NC

vOW' VITT tv* NI VW I . SvI V

"31 xz;ZM S "14 ft-:3

~UNNNNNNNNNNNNNA., ISS~ l rp PN I
=A-929cNNNN NNNNNNAIcc *4

"= 0 .. :HU v 1..2Z. HUP *ON. 110444=

Z---------------- --------------- N N--- It N t ft.a

- - - -- - - - - --- --- - -- -- - A --------



f: -o~a Am --.IT 0a ft ...u .# 3 M "U -no -z - aE H

-~~. .4 na-u.n 3 -- -3 3! 2

-- f -- m -- I-S;

-lg n1 to z Fe yea Sw p n7 n r-u -g ;3

am.. am "a3 "ft. ft" ft" -ft an uflft 0. MI ef -

St -. aX ewe :z -4 :1 3u3ey e-;s=A sa T IV- 1 g.. 0
- nat-ca aann.~06nse-AaA:S c : - X Re-Ao nfl %; B z U .n"

-us-~ --sug- mix
y~~~ef -t. f-tu.4u.. ft a a

ftu -1 at ft ft wan weA aa

* n~tyy .C ~ sanw.:::::::a~ ::;:;::: .4 ** C

-~~~~~~~~~~~~~~~~~~~~I a -u-----------------su su u Z---------------



Ii

*.. *I ~ ~ A Iq q; 0..i

ma|

... ...... ..... ..... C ;.

~~~.TA. ..VV.............. .. ..... . .ii iiii

1.1 ..... v II... ... .. .. .M= . ..

n*4 "A I ZWxu mm I ;;1..

---V .-. HIM -944 ....... .. - ..t "l
l~i.. .... i~l ..... *P" fl........... .. ...am ...........

A. M ................

.. . i .. . . .. .. .. e. . . .m.... ........... -

.. .. .. . . .. .. ..4444 14 ... . . ...1W .. ........ a.

" ""i .. . . . . U ' . .. . . . . .. . . . .. . . . . .

-------------------- -------------------- -------------

--- ------------ -- ------ ----- - -----------
we *oaa aweM SHg H ;f

:22 Is 9:1 2 z: 9"A -----

a;-. Ow 4-m .... ..... C,.C an 6. m..nna-61 m.p e.p A te
g p :2 CO t p.1 .C - C.. gin a:fl.C =7-- .....

WI ; ;~. *~ . .. ~ ;1;.~2 1I7~7777...................444

I- me NO *n SON To. :~ 74 1CN p O~S-- - .
2 e " a. - 39m S A xm-i.~ nig m= SC I; n uu mmap.Ufl

11; .7 S 2 1, -33 ;7", 7.7M: .1 XffdW6f CflCCX

AM= .9-= 2 Hi U4!~L.7 PHU =.......

;S..e-* - --- : .... ........

4.*0mfl, .. ... I.

.9~~~~ 0 ------ c- --. C. n.-

A -a -a -

Is4 A: 'S... t3 H3-3,Z*2 :3 - i. ̂w"N44 44. . .46 e w



V

HOWN. IV IV I IV Z=iti 2 x ;
311HR H 2 .v ! t.A S :-5 x Tmto V am.~ ! I . ,w II IIV z11T

z9usar1 It pr :.- it --S: ; A ss= cr-b

V3ZI TV IV. . v .. ; N V1' v- 9

7 - -- t OWN

0 Z- I 2U 3=;2 23 .3

66 ~ ~ ~ ~ ~ ~ ~ ~ I 9 699999999 99999 99999

h e. , 2t : t~ ~ -o--U93.,- ON a ~.a .

-- t;; Ai V1 !V !;WTw,:;- E-.- ^z -o-2

ts-~~~f 0 
0 JsC

6 V 69 7 00 7 04 Ca

j.1. t ft% :0-

69 ~ ~ ~ ~ ~ ~ V .V * e o f . 9 6 66 0 fU n 6 a... tf .ft f

i:: ;w.w.. 69 9 6 ~ . ........ * .. f.

- - u I N 16 0 - - a f a n a A tt -- 
-

a . .a a a i -: s - ; -n z m -; ; ;

I -~ .6 6 6 .6 .9 .. ~ . . .6 . .9 .. I

-6 ft 6 ' -a -ft -a ft 6 t ft a 9 -C ft



3a --C**~ 333 3!:35:33: - ~!2I
1 -C q ;; A -ti :g 2237i 32;-i friiiiindO

x~x;---- o 0 :3N- - - - - Uss ---- - -70 33 -

;V9 NO 1. gNC 24C NA.NN 2 - 33

C N N nnvI z*** em.3- 2003

3 N 1"m am -0 300i am " of "IE- ----

T-- vt zzzgZ. 0 we .J oo ft wv .. I* v

t* =~ r; - U-zz :% XU -i ;N : :z :X 9

N3. N N -- - --- N0 v z z4 32 ZNZ7

7; i It: 9: 1** SI :12 2- =3:!S i

.1 PO C 2 t2 ;2 =999

S.Hils ;7M U;: -a

0.* 0-..2= - -Om N X n -

C3.z3 S -- -7N 3U N24;z NO ...N ...

amiA .f b - 0 -0N m *O --- NO -m -C. -- -- -N. N *~ .0. ~ 3 N~h

00a a a-CC M N - ~ N --- ~:~ -a a-L---

2U- i~2 L O -: -- x U***

*C-* ~ C COCO UCO0.0 NO '



3easau-1 1,111 a

IW

443 la 113

* j!~f2 3 3 .. h~ililf~ftLiU it2

am flrz: Z S 4 :: a os -lZ 0'aoO- , M

-- a OISIOM a a : ciie 3a Mosa

.!2 Idji ! Its I 11 I sIII

M M4 u0w 00 00"i 0

P.q b !!IIiI! 9 w 4,0 , y nzolooZ OOZatM 3:l

000000 ea.oww'Mia' 13 S000 *000

a' liU ooO we! x a oo"*

------------------------ --------------------- ----------

-- - -- - - -- - - -- - -- - - - --- --- - -

Is munu umi,11 uauml I I o Ea-lta



332332322322332223:2 J2MOOSS::::22::::2 2222233222SSss 222 nun2

*.. ** *o o .. e .... . e........ .. * * s . . . . . ............

661 III - -

iss:ssssxss vsss2222s22 x2222222:2 2222S222322233232 v2U222222222t

j J2222:2::223222 222  X232223223333 7::uu:u: :2::::::::

- .- .*.....** *.. ... ~ *. *.*.*.* ... *.. .-......... ...... . .........

-~ -- -- --- --- -
2222abl

F T: ZVI. @662 23 2 @066 66: R97

Ell-I



I ~sssss~~~s ~stss~:ss~s jS2233usss ~ssss

U22tsxss~ss

III fil 2:u.~Ub
77 V!.!IFV m u

**4 **.j 5 ------- ----------

S. 0

-- --- -- ----- ---- ----------------j di- ------

U9,0s-2uslsjgu m
Um ~ ~ ~~~------ ------------------- l~fl~fll~3 U

q 111 1



I '

asP4
I0 eO40000000

asIIss~sssssslsssassssss Xsssssstss ;sssss:S

F~lg~gjm 2:2 ..... 0-0
-- 4*-fm=CXft~z=;

------------ -- - -. P 0 *00*0a

--- ---------- - ---- --------

13.8333233 p"nuSISIS8383 m:92 vzsssun ::: s::x T;;22::2 as 7;::Sx:nn ::::s
4444.;"444 .0044444****** 44;0 0 .000000000

.... .0....00 0000 000 O0000 0000 00...........0 0

8!aua: n:uanau~asMnMnna:::a na:

pulp

~~him as:::: .unnauaagmu.zn:::::n:::.:n:ll:::

ILIAY,



Is

4"4

2:322 M3

3ff 3353516 5231f11f~~If -1A ffl 1;; In ;; X9AH~fHH.HF
f*** -11,

*** ... *.*.0 **. .. 000000000. *00 ISM***Si************** **0**

S 3323 Y":::s:ssss:::::::::: 1;233suuuz:sst:s uu:s ms

SO I::n"::u:::: ::uu:::u:: asssss:~ssss gstas::uuuu:::u:::22::

332#MP Vats$ .33U233fl323 .2 .x~ -Jim
n..*n .. ~ *.~ne.. lz -

fill it~uwiqji 4IIIi~lif I till ...

**@* ...e...~ ~ - - --- -- - - - --- ----------

400 00@01 oi .3

ru~~~~~~~~~~~~~~ p v7~JizIififisss,~~idns::~,i



T22UU3f223U~:S T 2US22UU2U 22 Uzz:::::::z ::::sUa
S M22222222222US22 ::nu::::: -:::U: :2=u: :::u:u:

.. . .. . . cc setusei-i*.@ e. ~o4ee 00e 0ee .

* .: ~~~0.0 00 0 .: *.S ... *- - -* - * .0-- - - - -
4040 .**.... 04 4a ... 0;a

0 .... ...... ..... ..... 0. 0 0 0

3~44 -04-e000 @ 000 ------******* a 0..*.---.a.0 -000*----

..........
0..4~ 

.. 
-- ---- ---- ----- --- 64 4

WHI0..000ow 00 vi 000000000-*000000000 000000.000

000 si......s3Inflflnsu;; ;;; ; a a

IIII~ilhIIIII *1iIII@00Mimi



. . . . ......

.............. .. ~..fle. 2

Sane.~.. .... fSS *** ******* *0 *. .......... ....... e....

**** 4e** a@S * * .. e aee .e .. ... . ........* * . ~*. ... ....

s: vu~s:m::;s:: Tu:ana:suu::t 1::uuaua2:: un::

S..~~~~~~~~~ 
~~~~~ "di"eO~e@a0S0 I-00S0Oaae.. ~*~S...... .........eO@*

-- -- -- -- -- ... ... ..

!- Eq* flf IMMl

O!"am --.111il ,.p.- - -



tt ---- to------mama ------ --- Mma ----- ---

...1.................
.a am a "" aa

.00 . 0 tomes"" *.el.l... ... No *"f!H ozaa.aa *a~ml~na......*

221.. . . .... .. . ...... .. . .. . . ....... .. .. .... ... .... .. a..., ,.

22M1mupi Ignnifilin

S4 a m . .... e . ..... .. ~ e . . . .. .. m.a. . .... a w... .......

a 0

Hanx~~~~~~0 @0MU23XX 0aaa3 052 03HB

Ii IlS 4Ifff~~j1111f ii h Au1W:dbii A*111



i

.:n ; =:: ::22

........... u "

.. .. .. . . . ...... . . ......... ... ......

a .,ll . ! .......... .......
It.mm:m es w- *em- -. .... . . -.!^.,2m . Om"

~~~ s.~j~e...'... emmememeeemee m.eVe mem e • emmmeeeee

m u 00- -e- - - -------- -------0C.---,

* : . . ? ..em ....... .....f ..............

........ ..... ............ . . ................. .........
*mmmmmm~~~~mmm........ H., .******** .~m~mmm.mmm .- mmm m~~mm. .m

.TT7.77r77j77777 777 72:. N, Tll l,. .2..m 7mm-m.......-...

.4 aZZZZZZOOZ131 2 x MU --- 2cgI s uslm si



-- - - - - -- -- --- -- --

::s:::::::::::: p:::::::::::: a:::u:i:::::si: :::::

me..~~-I -a H e .. m .~3

:-'- : -m~aa.aa aa----------*~.- : --------- aae - --- a...

me.."o xwawa amM.Cw
:==A mixe..!7i7i7 7 7£hh7777 U77,~. = .-. i.:.::.: ..........

....... . ......... ............. : m .. ........... ........

. . ... n. .. . . ........................... ..... .............

.. . ....a..... . . f~.tmm.mn.. Nae ie Cf-* ---- ---- fa -----* a-, ne.am -~e .e. ,nmA ......... a. ------ ---------- *..nm m n

-. . . .... C.. .... .... ......... . .....

i ...... n::--::::----a. *.r ::::::::n a--- fl:fl .ar . ...... ...040-*

~ eem ::: ~m2 3~~~i~b ~2~ ..........

a. a m V. *in.in, .. ...- - ...ta. m n,, .,e.- - p. * '-a *. ,,~an . 1. ..... eeve p. .--.. mm

........ .... ....... i ll" iii



,/ "

i

ti

....... *.. . n.e. .- 0 . *.. . * *

- - - -- - 5***** . . -*

............. n . o..- .. w- .n. aqr... v . 0 r

• ,.".W ..W .. ' . .. ,. ,. . .. .,. ,. .... ,.,.,** * -.*.



Us~2x~~x: 'iimum 3nnmus

2= = 929Z -- ---- C in . a-------- 10 %1 11m"' = U 4

............... **** C ** ** *
......................................................................................... .T-- - - -

- - - - - - - - - - - - - - - - ** ------------- ----- . . ow

a M. E-. O549 0=~a * 3
U.......... ..... ........ 4 . . .......4. *4 4 !*4 4

-- -- -- - - - -- - - - -

000 N



j~tss3a3sMz vs::s :um: :3: :zz::::::::::ss Wsss::uu

q.J nqn~~nnsnnm. gn**nnnnnnnn* s nnn.n.n~n .. nnnn.~

n: 1::mmusss:::~~ innstnumu j;:umu1:u: 3::: :x~:ss~t

::s: ,::em2n: f-3s

-C- nnn . ........ .. .. . ........ .....-*e ... . ..e.. . . .... e. ..

****..~n~eeee. ene..~n~.*ne.. ~..e~~n~nn.n. e.. e .n ....... ......

eoUCCC------- 4i ------- -- - n d n

...... evvn..ee .... I......

e;nnn 5 feNen :2 punnummmn~..

. . . . . . . . . . . . .*~C~* NW. . . . .. . . . ...... . .

mam" :mn : Na : : z :j .Mat_ --- t:e : n ---

R".C it mCS --- NEAR2 UN -!7 ... .. r

-- -- - -- - .. -- - -- - - -- - - 00 0 0 0 ---- a--



"I I* S . . . . . .

I

a~a~aa a. ......... .. . ...... .... . ..........

.... nt! t ti .. -....... ..... "...... t..!.t. -..

** ame mmm~mm mma.mm . .... .....w ma .' ...... ... .. .am.w. *

------ ------ ------ ----- ------------

..tl tt~tttttttt . ... .......... .. ... .... . . ....... ... . .. .. .....

~-* aim~aaa aa~aaa aa aaa.a emae............... ............ ...... ...
.. ~~~0.t~fmt i ..... xa...Ac.. --------------

017 r.-4 . Imm m I~ae. Iam a a a aa a i m . na .e .. .. . . . .

-- a .. 00 
--

o • 0

- 3U333. 3 3 Him 13; 1 1 ::::: m:3I I 31.1v3:3:M



QU

223... ..... ....... .. . - "

00 00 0



2:----------..........5aj2 u :......... . .....:: .

............ ~. . .. .. . . 0!.;

............ a... *...... .... 4am. .............. ... Ca

n2fl22222U pUUiun3u ms333 32U2U3~:::u:uu: :

*....*.**...*.... *****...*......... ***.*..**.*.**...-...

o .;4 0 " 44 ; i4 od l 4d A 40 4 44i il 4 4 00.40400 00 * 00-- - 040

sea ;II4 a*.*In*.p twa 1;;:i~f *a...

A. - VV .. V



333U33 r:n:u::sz:: sfUiflsssasmtZs yp38:3,

. . ... ... .. ... . ... . . . . . . .....

Wall 0 in pmIW~fW -jIfI!IlW .1111M!-

nan... .. *O~e .......... 3

n~n .. .... ....n.. .nn * n l . .... .... . E ffi

. ... . ...... I........ ...f -.. .q . S- - @ - 6 ~ **

h5Uhhhh3Uluam-mil gI33333u3 ?3 n2 iq4f3

SSSS22*S***** an.-.a....-...., *** *nflb0Cflmfl a.4

nsssnsns~~~~sWI. 3fx:W2Ix~fx!WW9@2: psum am usns m

3N~3I;I~flI- 2" ~ W 3 :

;; -SSSSSS 4222SSSS-SSSSSS222223.-

sxs~sssss VSSSXgsss~ .93S s o l-:



I -'

I
I

I -a

-. ~J

~I
a
I

~

3'

~

'p *



I k

Io /I

A 
.3

I--
~ ~~i''"

K \\ delI -e



-' -I -~

I
U

3 33
a

... ..
9...a
A ~ -

I 2 3

1~

4 a

.4.. I -

a

3 a -I

.4.

'a \ \
3

- ~

t \ ~
'I *~.

/ '~

S

LI .~~~--~-iJ ~ XiLIA~
4.

-~ . . . *



I
I
3

z" ~

F -- __ __

I

U
- \\~'

NA1 ' \ / N

1< N



£4

a -o



-aI
U2

U0Iw

II

3'0

ZZ~



a

1 +

~ ~

C. C.

.1~

------------ -______ ____........-

w V '~.-w r ~.' '~



- -

U

- a

- 2 qe

I~ a~;~
~1

~

A

V.,

4
V

*1 .. - 4.,

_____ _____________________________________

~



B

.1

~ S

4.-

2

p. t*

* V .4

- .4

V S.

4 .4

.4

/ : \

4 .4~ ~ -

J.

\\ \ \\

K - 3\ \



I I-.-

-0.~

A

U.
I?.

U
Q.~.

S21Lv I
/

a - a



I

U

~Ii
a---

- - 'a...
00

I-

I.
*~\

I.. V
~L.

C



I

2.
t a

-- 4.
-- '-Go

L

,\ \ \ \

'~
/

'V

- - \~\ ;\;j
~9LA.~

- ~ -- ~ ~ - -
~,



a

|V

I m m

i \' \

.J _ ... ... ... . . . "

Ji



IN

NN

N N A~ \NN N ~ ~ *

.~N, /

NN

\ \//N,

N,\
AN

'Jul'

I\\

\. K \\



I

I

: ' ~- 
~'

- I:

-\

\\\\\/'//~ / N
/ / 'I

i\ /~ / /______ , !\
\3 \~

- - I/N //~

! i,

,/ /\ \ \\
~ / '

\~ - / )r-..)~
\

/ I\ N
\/ 'K

\~\ ~ ~



A

' ,4l\ *#

/K , \
, / \ \ ',

.. . , \ / "\

/ ' ,, . / ,

,./ ,/

* -", \ , •,

• 
/ -- , '' /i 

"- \

\, \ ,' ,N 
l

-\ 
/ ,\ - \ , , ,,/

... ... .. . .. / \ / •

4,../.



4.+

i ---

.

',-A/ 
" A

m'.4

f, °

.. 
'. -

4. .. , i 
-, . ... N" -Va, . - .

a:'"



*

b" /

, a 

/ k ,/ / /"

/ I i ,'-

. //

- / / ., t ,' / 'K,'

,' ,///
1// i /

, i" /t / -

",I" .# ________,/ --/ -i,,

' , " b.. . . 7 I

riIi I'



I-

&

A

at* U'' 0O

- --7:
/ :

~~.zzrt.s~ ..----- tz...

-- /

'S. / - / ----- -

//

//
/ /

1I~ //!//// // / //
4

I / /
1/ /

//
* .*~.

* 5%,
.5

i~iii ____

~ Y~7 -- \/~-

J~.

I~

~., S..'.~



z z

iiio II ZW



S
8

- -~

a- - - I-c .. a

I->

N. *
* V *

- N\ *

-~ N

7-. N

/7 - '-7 -*

: *// \\

F-

N /

*.~ !*'**~*~ ~/ /7 ~ -, '>$),K\~ *~,, * N

-~ ,

(, ,( \ N

N.- 7.~---~--4-*~ / V ~4\ ~4
ii' e * -- I. -~,~.. \ ,-N

N
1

NI 7 N I,

7 -~- - *

/_~ _________

vI~-~a ' : 4 N / ,.*;~ - -

D

......-. ;



4 t,

-S

a
-3.

4. <2

C -~ -- --
a -~

-- Lu t,, -

w
'N

-c

6 -

a
1

V
*6. N.

a'

S

~6~

* I N

A
.rC

-A

4- N

N-,

I
3.*
a

-'t.
.3.

4S~

-. 4 -. ~ ~:tt. ..g y~ ~ 'COre

-' v~z4zct. ,Nb



S
I.

-7

-- .00

*j.

ft

r~.

,~- IV

'.

KL -- -- .-

-V 7 1* ~ ~ ,~V ~



D2/351.

CRADLE MODEL

97



I

I

,vi,.,/

Ms* S

~,

LL________I



I

~I-SI

J.

p

.r.. S

.v.

-' I
I

d - h

I - -I -~



Uv

4

./~ .o.*%



I

* I ~!1E2~~U~II
a Gail.

~

pm

K

ii
- _______ .4

-,



U

I
IdI~~

-

5,

I. ____

1)



I

U!,''

I

I

ff~-..

LL~~___________ 'I

'I



I

p
3'-3;~~ ~

a

-'.9,

*

.9.

b



LAI

AA

rw-



g

i

p 33

I.- --

I

4.

'S.?

~? '~

J. -. -, ~ .9



a~
3.WI

U

Wg.

\\ \~ ~

_ V

-W ~



77V

Al~

-- jj N. 7



% .,

ih

C - , \\.I

* ...



I
S

3.:
- -Wi

w.-5~u
N *0 .muhw.

~ (-.

I \.- /,II /
'1

I I.'<2*' /fj7~ ~ 7

LL -- __

- - ~ ~ ~k~kk1 ~ ;9



3 I:

/ I

4\J~
/ \

~
* /

w
a N

\\ \\~

N/N ~

\\~ \~\

~\\ ~

~ ;~
\\ \N~ ~

\\ N

N \ ~

\~- ~
'NI

I;
LL~~_____ -- --

-. .. ,* *-* Y /.,~ *~?~~q ~ ~ *~ a,



* I;

d~ , I

LJ---

Lit' 7.1"



Il 9

7\ \ -w

44-

p' '

ee z-



I

U

~7, .23

/ ~\

- /7
/
/ / A.

'p

'.1

..9.

* -J

8P~

7
a,. 4

\ S

K -. ------r- *~ -~ -a

'U _--___

-. a a,~~~)da
S*p ~ ~ -. a ~ -



U

/

A

I
S. ~A
J~.

A:

'\ \'~ /

.A

'V

~A' i'

ii

Li - ----- -- -~ -- - ---. ~ - -~ - - - - - - -- -. -

.5-



* $1

I 

x 
'N 

, A

i 
\

i -

A 
,



U

3~3~ 133.
*0. - - -. I5*h ag-..-

*

* .- .4

A -~

4

j j A,

V
N .~ * ,4~4

M ~!'A' ,~ ~

I \ \

I I .4

~

I **.. i-

* A -

F I 'I'' -~

- &

-5,

.4'~' -~ '

F, - -.

.~5 .4' - -

a *

p I / ,"

p
4 4 -. -

I -
a - * C

1~ -
I,

4. h.g -

I *
5,.

Ii V , *~, - a

e



21a



'Ul

- "!

I,.
4' ,#

)3

-.> ? -_jI , -- i

-"-q

.4' 1 ,

.'.. ! d" ...

,'.- 4- - ,

/..,, , 4 -

d".

- .-



I

!

.,' ';.

/1 -

I. * ,- ~ ~ ... ;,I;~ ~ *i$*~~ Ij~~~*%*~ ~' y%% ~



S
4,

.4

--

-~ -J~--

A~ ),7 /

/~ /1/i/
S.

5,

U

'S.4

p.
d.

a ___

.5.

~
I - -

4

- ~ - S - 'd'' '~ ,/..PP ~ ~ <*.*5** .~ )



lip

'IL

/ 3 -

!

- I

\ \ \\ N\ \

re



.4' ~.9.

-I

'a
Rwi~..

~

I :~ A

/ /1

* -- A~.
/ / 7,

.1

r.
~4

/

*\ j\

- 1~~~ - V
j /3 A-

e



I~.~ ~*x

U

3

-~

U'

1..

-p. ~
~ .2~.

4.

S., S.,

'p.

- '.1' X~

4

~ *:Q / /A
\/ \
K

~:
- I
S.

4.

LL



I
'J.

33

~~-~1 

-'

,1~~ 

-
4

/ 

/ ~ 7

~ 

,,

., ". 
I 

/

-~ 
p

-
I 

-
-- ,~ /

I 

VI
/

I 
-- 

\ 7 ' ~ N

* *. 

\ \*

- I 
/7,

* ~- 

//
* 

-

K
LL~. 

4\

'S ' ~ -- s- - ~ (.'S 
~



p 3-a

-'S

p

A

~

4~

\\~\ ~\ \\
\\ \ \ '

'4

_ _ K
I -

LL~~__ _-~---~-~ -- -~

'4~~'

- ..o*-~. ~ ~



p .

,_ _- 
. ----7----- .. .. . . .. .

,, '/'~

~I /

//

\ ",

1" 'K

1 -
I I



I

1 3.1-at 3; ~'aa

I,..

A

,

\ \ \ \I

'U '4~N-
'3) 3~*p

\ xx'

~-4c
\

'~j$>

A'



p

~ U

I -

V

444k

V

4'

I.-

__

- - ~ :*~



a
w

* ' %* I\ f

LV.

----------



.. l 0

4'r sm

pd

2fir

!I



3 3

II

'i %

. I

I/ E I

i/

77V

, i 
f



S
4%*~~

~
u~i:

.4

,~ ~---

~ 6

'~ \.
/

* * \ \ -~

N
.*, **p*

54*

4'

.1 .4'
J .%*J

1%

.1' ~
A

'4 / / -- -4- ~A~\\ -4

/
/ *.1 ~ 4,'.

V
- ~ -- '~~ - -- -- ~~

~



a
4

U
U I

'2! 1

~'2.
Li.

- / N

a
/

\ '~

'~ ~p 1  N

-

)*

\

~<\
7. A

I \\

V
A -

* ~ ~ ~ *~~s~' -~ -:...#~



*
* 4-.

4.

S
U UU;! 3IIa~

4, - ..- l~

- .*.-. I I
bL - fY.J ~4 ~" q1

K ~.-

.4
a

a I & *1

4,,

'I

-4-.
4'

.4

4 . **.-~-.-- *~

I *.'** ,-
* ~

k
1W --

"4

I. -- ~iI--.- - --



Ba

B

1 '3

~

gq~
-4.

-'4 I

9 4
.d.

4

/
4 A

4 .- '

A

\ :.~

I ~~~iK-\~'
I;
L1 - .--------- ~ - -

i~j~

" .. ~'
4 - *4 - - ~%~4 ~ ~* I. '~&.-y:' ~ ~ * -x ~



-Ai83 992 LIGHTW~EIGHT TOWED HOWIITZER DEMONSTRATOR PH4ASE I AND 2/4
PARTIAL PHASE 2 VOLIJM (U) FMC CORP MINNEAPOLIS MINN
NORTHERN ORDNANCE DIV R RATHE ET AL APR 87

UNCASIFED MCE-84-VO-D-P-4 RA2186C047 F/G 19/6 N

IEEIEEEEEEEEIE
EEEEEEEIEEE
smhohhEEohmhh
EhhEEEEEEEEEEE
EohohEEEmhEmhE
EhEEEEEEEEEshE



11111-1156 3

96 13

111.8
li1I 25, - Bill.

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS- I963-A

-lo - .m'



1
I

,I~3I -- 
-~

-3

I I
I



I

I

Ii~~i

-I

I

I
a
I
U
U

I 'I
I ___ I



I
I
I

I
U
I

I
ii __

I
0



a

I
I
I
Eu a

I
I.
I I

I
I

I
B S S

IiiI.* L L __________________________________________________________________________________________

I



I
I
I
B

U I
M ~ Ijj9~3 k~I;ih~~AZ

I'

/

__ II
LL~~___ -



I
I
I

E ~

i;~i

I
U

5 I

I
*
*

I

I



I
£
I
I

I
I*j:'iZ

I
U

I

I

B
S

ii

U



I
I
I

I~ jtl

5

I

*

I
3
I
I
I

It
U
I



I
I
U
I

I

*
II

U
I
U

Ii

U

I



I
S
I
I
~ a.

I
I

I

I
U
I
I

ii



a
I
I

~ I UI i
~ ! ~...

~

I
I
U
3

3
* 1~~ '4



I
I
I

I 'Li

~

U

U

U
I



a

11

SIMA



I
£
I.

I

a

U

__ --'4

I

4* ,



£
I
I
I a

mu- -- - . ml is
* i~ I

Ii
Si

V
I

I
I
S
a
3
Ut

________________ __________________________________ Ii
U -- _______ _______________

U



I
I
I
I

U

I
I
U

*

Ii

U

2



I
I
I
I

II

I
I
3
I
U
U
I
U

IL
i



I
I
I
I
I

hkAz~;hA~icZ!~

U
U
I
I
I
U
3
I

1*
U
I



I
I
I
I
'3 .1' 3'I... ~!jE
-a

K,
U'

U

U
U
U
I

Ii

U ---------

0
- -5



I
a
U
I
3 U

-- i.~Ii~Em3 ~ediij ~

*

I
I
U
U
I
I

I! _

U



I
U
I

I

I

El

U

I

I
K.

I;



I
I
U
I
II 3I,!

~

I
U
I
U
I
U)

Ii*
I-

LL
U

U



I
I
U
U

I ~IiI'-~

* 7~~
U

U;
U
I
U
U
I
3
I

Ii 'I

0



Io
Id

Ukd

I IA:



I
I
U
I

*
U
U'
II

I
U
U
Ii
I

*
U ---------- ~---~--

6 "9



I

U
U
I!

'121

*

*

U

I
U
I
U'



71f

UU

5 Wk

LiIIV ~



B
U
I

3,'

)

r.
- 'I



IJ

FUN

IK -il

Il"MIM



I
I
I

~ ~II

~ ~

II

/

I
H

*

*

f.



I
I
I

U

U,
I.

I

A



I
I
U

I I~za; U

~ - __ __ -

U

I

C



I
I
I

I 
U

~Ui

U ~

K-
I

B

U

a
7/ I I \',\ ,.~



i

NJ

at u

'

/, , , \

i i.

fl~

I tL__\\\



£d
Is
Id



0'

t-4

Iw .



S

I

'5if3 . 7-

WI

/
I / / 'I

I

/

U'

I /~ in.. -----4 \,

_L§A7  ~

- -'. -" .%



I
I
I

cJ

I 3 U ~

3
9

I
*1

- - ------- I>.
Ii ___----~-.---~- - ~---- -~

~



In

4M
9
Lo



all

rX

Av4



I

D2 /360

*CEL 
MEMO: NOVEMBER 25, 1986

La



/

atCentral Engineering Laboratories

Santa Clara

Interoffice

T o R. Rathe Date Nov. 25, 1986

cc J. Ries*
From C. R. Ortloff A. Amberg

R. Kazares

Subject STATIC ANALYSIS RESULTS FOR E. Thuse
THE LVHD COMPOSITE CRADLE-PROOF LOAD CONDITION B. Anderson

E. Alexander

B. Zierwick
*one copyaL. -. gures only.

Attached are Figures 1-81 showing the static stress statFiTrr tIe
composite Gr/Ep cradle FE model under proof loads. Use of 20-node
solids (ANSYS STIF 95) and 8-node composite elements (STIF 91) are
employed to examine stresses in each of the 28 Gr/Ep lamina and the
internal core material. The recoil, firing torque and gravity loads
are applied statically to the cradle. The dynamic load case results
(to follow shortly) model the cable tension relaxation effect and
dynamic input loads precisely. Results from the dynamicirun(due
12/!j should provide the approprate dynamic- amplification factor
(from 0.5 to 2) for displacements. This factor may then be used
with the present static stress case t-d-fe-ermine the dynamic stress
state multiplication estimaT eb -d-- ratio of dynamic to static
de-fle- ions. ........ _

Materials properties have been changed to reflect new values
provided on 11/13. Although a new cradle design was provided onSl/13Th -present results reflect the old design prior to this
date. Resu s should be close as the geometry changes between old
aindnew desig: z are minor. The new FE model used for dynamic
analysis has been upgraded to reflect the newdesign-geometry but
uses CMAP averaged equivalent layer properties for the composite
shells. Consequently, only "averaged" stresses in the outer Gr/Ep
layers can be determined rather than individual layer stresses. The
displacement-time history-, ho-wever,--fi6ldi riasonably accurate
and suitable for use in determining a stress amplification scale
factor. No thermal expansion or moisrE iptionoa s are
included in the analysis and -proof firlng load maximum amplitudes
are used. The distributed masses of the gun b-rr1-eftd--cmdle plus
the concentrated mass of the hydraulic cylinders aid--e illbration
device is also included. . . . ... . . ...

In the output, UY represents vertical deflection, SHre resents in-
plane lamina shear stress, ROTZ represents rotation (radians) about
th---T6I itudinal axis, SXL is the fiber st e
transverse fiber stress (epoxy) and L represents the layer number
starting from the outer ayer. Note- hia-l-er- sthe outer layer

for the Gr/Ep shells; layer 14 is the Or/Ep layer closest to the
core for both inner and outer laminates.

C 0fS t~t/0
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Preliminary results are summarized below for the static stress case.
These results will be updated when results from the dynamic analysis
when available.

o Maximum in7plane lamina SXY (SHL) stress for the entire cradle
is less t han Dr equal to 6,000 psi (except for regions near the
composite to metal attachments near the gimbal mounts). Allowed
stress-is IO,O00-p4si. Allowing for a total 2X factor due to
thermal expansion effects, moisture absorption loads, local
manufacturing defects and assuming a dynamic amplification
factor greater than unity (or a stress safety factor (SF) of 2),
SXYs -ear failure may be anticipated in layers 1, 2, 4, 5, 8,
11.

o Maximum interlaminar shear stress for all elements is less than
100 psi-consistent with the plane stress assumption used in STIF
91 formulation. Allowing for a factor of 2 for the above-
mentioned considerations (or a stress SF=2), this stress is
still less than the epoxy shear failure stress of 10 ksi.

o Maximum longitudinal deflection under combined firing loads and
gravity loads is about 4 inches vertical. This deflection seems
excessive unless the gun rails are to be designed to provide
large bending stiffness to add to that of the cradle and/or
longitudinal stiffening is added to the cradle.

o Maximum cradle rotation is about 4.00 end-to-end. As the cradle
is relatively flexibi--l-s-di-ti-naI-+45° layers in the
region between the last internal plate and trunnion may provideiadditional torsional stiffness.

o Maximum fiber stress (SXL) in regions away from the end
C-hne-ction region is ali-1-ty 27,0 for example).
Allowing for a 2X factor f--the above-mentioned effects (or a
stress SF=2), stresses approach 240 ksi, and exceed the
allowable stress-bf 180 ksi. Local-fiber failure may be
anticipated in a compressional mode.

o Numerous cases exist for epoxy stress on the order of 5,000 psi
(layers 2,10 for example) well away from the end connected to
the gimbal mount. Allowing for a 2X factor (or a stress SF=2),
the stresses are on the order of the 10 ksi, resulting in local
epoxy failure under proof loads. This is cause for concern
using the current resin system.

o Foam core shear stresses appear less than 100 psi under proof
load conditions. Normal stresses appear less than 100 psi also.
A suitable core material with failure properties above these
limits can easily be found.

N .; I
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Preliminary Recommendations:

o Based on the total 2X assumption for stress amplification and
other factors (which will be checked when the dynamic output is
available) or a stress safety factor of 2, it appears that
margins£-of -al"-y for stress are exceeded for both fibers and
epoxy-in certaiajlaminaunder proof loads. The in-plane shear
stress i-s-kewise above the failure limit in certain lamina.
Local failure can therefore be anticipated inside the Gr/Ep
layers. Since all of the high stress regions are located in the
zone between the gimbal mount points and last internal plate,
this zone may need reinforcing by additional 00, 900 and +450
layers or internal/external bonded-on sections.

0 The -ef-lctign-aIarotation seem excessive. Use of additional
00 and +456 fiber layesi-will improve the bending and torsional
stiffness considerably especially in the region between the
gimbal mount points and the rear internal plate. This zone has
large cutouts and shows consistently high stress values. It is
anticipated that -this--zone will require considerable
reinforcement to achieve lower stress levels.

Failur, 4 hs-based on maximum stress criteria. There may
be other modes.of failure (such as longitudinal buckling or
torsional buckling and local fiber-resin separation) not
accounted for in the present analysis. These investigations
will be pursued by use of ANSYS buckling routines.

0 The high stress regions near the gimbal mount are indicative of
what may be expected near the metal-to-composite joint in this
region. The length from the core region should be reinforced
to distribute stress over the Gr/Ep face sheets to low levels.
It may be necessary to build up the connection zone Gr/Ep layers
leading from the core end region to avoid high stress
concentrations. A separate F1ianaysis of this end zone should
blyee med .

o An internal metal space frame within the core connecting
trunnion mount e en-- a-sote-iie Internal, rear plate may be of
use to take oAQ~.rsional stresses in the cut-out zone.

C. R. Ortloff

CR0/861121/01
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atCentral Engineering Laboratories
Santa Clara

Interoffice

lo R. Rathe ote Dec. 8, 1986

cc E. Thuse
from C. R. Ortloff L. Liebhardt (NOD)

J. Ries* (NOD)
U S jeCt STATIC ANALYSIS RESULTS FOR THE LVHD A. Amberg

COMPOSITE CRADLE - PROF LOAD CONDITIONS B. Zierwick (NOD)
E. Alexander (NOD)
R. Kazares
*one copy of original 61

figures onTy

Although the cradle design is to be modified again (Memo J. Ries to
CRO, 5 Dec 86), it was recommended that the composite design
analysis of the old design (drawings delivered, J. Ries to CRO, 14
Nov 86) and subsequent modification 20 Nov 86 be completed. If the
latest cradle design shows stresses past allowable values and
insufficient time remains to analyze it before it is sent out for
prototype bid, then at least one existing prior cradle version has
been analyzed with necessary modifications to make it meet design
allowables. In this manner, a "back-up" design will exist as a
fall-back position if required.

The present static analysis indicates that the 14 Nov 86 cradle
design, allowing for a safety factor of 2X (or stress amplification
of 2X resulting from the combined efiects of moisture absorption,
thermal expansion and dynamic amplification loads plus a nominal
safety factor allowing for materials defects and manufacturing
"built-in" defects) has serious defects in design and should be
modified. The attached figure (Figure 1-A) recommends a modified
design that should both reduce bending and torsional deflections as
well as relieve the existing high stress levels to acceptable
levels. If you wish, I can provide calculations to indicate the
adequacy of the modified model.

For the new woven roving cradle design (5 Dec 86) it is strongly
recommended that a static/dynamic analysis be performed to check the
stress levels in each lamina. Use of "averaged equivalent" stresses
using CHAP equivalent modulii are in error and local lamina stress
allowables may be exceeded (displacements calculated in this manner,
however, are reasonably accurate). CEL has wide experience with
analysis, test and manufacturing techniques for woven roving

'N materials and would be glad to assist you in your materials
selection efforts if requested.

Attached are figures 82-143 shoving the static stress state for the
composite cradle. This output set updates that contained in the
previous memo (CRO to J. Ries 25 Nov 86) as the present set
incorporates zero bending stiffness connections between manifolds

-1-oe11 .. -



R. Rathe Dec. 8, 1986
Static Analysis Results for the LWHD Page 2
Composite Cradle - Proof Load conditions

(Case B). The prior run (Case A - Figures 1-81) contains a rigid
connection (the barrel) between manifolds that effectively stiffened
the front part of the cradle to bending. Case B results also
incorporate the sliding 2nd manifold; additionally, all of the
recoil force is on the front manifold. For Case A and B, the firing
torque load is distributed equally between 1st and 2nd manifolds.
As bending stiffness is less between manifolds for Case B than for
Case A, it is expected that vertical deflections will exceed those

of Case A and stresses will be higher in the front part of the
cradle. A summary of results is given below for Case B:

0 Maximum in-plane lamina shear stress (SHL) for the entire cradle
is less than 6,000 psi (layer 1 for example). Allowed stress is
10,000 psi. Allowing for a 2X factor due to thermal expansion
effects, moisture swelling induced stress, stress concentrations
due to local defects and assuming a dynamic stress amplification
factor greater than unity (or a safety factor of 2X for stress),
SXY failure may be anticipated in layers 1, 2, 4, 5, 8, 9, 11).
This result is similar to the Case A result.

o Maximum interlaminar shear is less than 100 psi throughout.
This result is similar to the Case A result. No failure is

* anticipated in this mode.

o Maximum vertical deflection is now about 5 inches (figure 82).
This exceeds the Case A deflection (about 4 inches). This is
expected as the longitudinal bending stiffness is less for Case
B than A. Deflection between manifolds is about 3.5 inches
(UY). Results from the dynamic amplification analysis will
determine the relative dynamic bending deflections between
manifolds. Since the static deflection is already high, some
stiffening members may need to be added between manifolds to
limit relative deflection to prevent gun to rail binding.

o Maximum ROTZ rotation is about 3.50 (as before for Case A).
This is due to the application of similar torque loads to each
manifold as before. The Case A beam connection between
manifolds (the barrel) does not have torsional stiffness.

o Maximum fiber stress (SXL) is about 120 ksi in the region near
the gimbal attachment zone (figure 118, 121, 139) on the cradle.
Allowing for a 2X safety factor, the stress value exceeds the
maximum allowed stress of 180 ksi.

CRO'861208/02
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Composite Cradle - Proof Load conditions

0 Epoxy stresses (SYL) are on the order of 4,000-5,000 psi
(figures 99, 103, 106, 128, 131, 134). Allowing for a 2X safety
factor, the stress exceeds the failure stress of 6 ksi. This is
the major cause for concern in the present design as internal
resin cracks may be formed serving as failure centers to
redistribute loads to the already highly stressed fibers.

0 Foam core normal (figure 142) and shear stress (figure 143)
appear to be less than 100 psi in areas away from the gimbal
mounting zones. A suitable core material with failure
properties above these limits can easily be found.

Although Cases A and B indicate failure of the existing design, this
can be remedied by additional layers of Gr/Ep added in a different
stacking sequence. This new sequence is shown in Figure 1A and
should result in less vertical and rotational deflection as well as
lowering stress values to allowable levels. The additional layers
are on the rear part of the cradle only and can be easily included
in the winding sequence.

I am forwarding originals of all graphs so you will have the
clearest copy. These should be stored in a cool, dark place to
preserve them. At some later time when a final stress report is
required, I will ask for the return of this material to prepare this
report.

C. R. Ortloff
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rCentral Engineering Laboratories
Santa Clara

Interoffice

To L. Liebhardt* D~Dec. 16, 1986

SE. Thuse
Fro C. R. Ortloff J. Ries

A. Amberg
Subject ELEMENT AND NODE PRINTOUT FOR THE 14 NOV 86 B. Zierwick

VERSION OF THE COMPOSITE CRADLE R. Kazares
R. Rathe
*one copy of printout

and o figures

Attached is the element, node, stress and strain printout for the
14 Nov 86 version of the composite cradle. The attached figures
144-192 are consistent with the stress results reported in the
8 Dec 86 memo (CRO to R. Rathe, figures 82-143). An element
printout (figures 179-192) is attached also to aid the location
of the elements by nodal position. Zoomed diagrams of both
element and node numbers are included also for the 20-node solids
and 8-node composite elements. Printout explanation is given in
ANSYS manual V., II for each stif value; additional explanation
of contour plot averaging methods is given in V. II, p. 6.0.5-6.

C. R. Ortloff
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KIKAAAAAAA Digital Equipment Corporation - VAX/VMS Version V4.4 A

141141 222 000 EEEEE 222 000

MMM2 2 0 0 E 2 2 0 0
M MM 2 0 00 E 2 0 00

14 1 2 0 00 EEEE 2 00 0
14 1 2 00 0 E 2 00 0
14 1 2 0 0 E 2 0 0
14 M 22222 000 EEEEE 22222 000

TTTTTTTTTT 000000 RRRRRRRR QQQQQQ UU UU EEEEEEEEEE
S TTTTTTTTTT 000000 RRRRRRRR QQQQOQ UU UU EEEEEEEEEE

TT 00 00 RR RR QQ QQ UU UU EE
TT 00 00 KR KR QQ OQ UU UU EE
TT 00 00 RR KR QQ QQ UU UU EE
TT 00 00 RR RR 00 QO UU UU EE
TT 00 00 RRRRRRRR QO QQ UU UU EEEEEEEE
TT 00 00 RRRRRRR QQ QQ UU UU EEEEEEEE
TT 00 00 RR RR QQ QQ QQ UU UU EE
TT 00 00 RR KR 00 0Q QQ UU UU EE
TT 00 00 RR RR 00 QQ UU UU EE
TT 00 00 KR RR 00 QQ UU UU EE
TT 000000 RR RR 0000 00 UUUUUUUUUJ EEEEEEEEEE
TT 000000 RR RR 0000 00 UUUUUUUUUU EEEEEEEEEE

FFFFFFFFFF 000000 RRRRKKRR 77777777
FFFFFFFFFF 000000 RKKKKKK 77777777
FF 00, 00 KR RR 77
FF 00 00 KR RR,, 77

FFFF 00 00 RR RR 77

F 0 00 RR RR 77
FFFFF 0 0RRKRRRKK 77

FFFFF 00 00 RR KRR 77
FF 00 00 KR RR 77
FF 00 00 RR R 77

.. FF 00 00 KR KR 77

... FF 000000 KR KR 77

... FF 000000 RR KR 77

Y 4 ile HSCOOO$DUA9:[1420.IKELAND JV.VMSITORQUE.FOR;7 (2544,15,1), last revised on
/ 6-FEB:1987 15:14, is a 2 block sequential file owned by UIC [M20,IRELAND_-JV].

~he records are variable length with implied (CR) carriage control. The
~ongest record is 51 bytes.

~ bAODAT (375) queued to LN on 24-APR-1987 11:31 by user M20E20, UIC
20,IKELANDJV], under account M22 at priority 100, started on printer
VUSSX6 -on 24-APR-1987 11:37 from queue TXA6.

JJAAAAAAAA Digital Equipment Corporation - VAX/VMS Version V4.4 AAAAA



TJIAX-42 500.
PROJOI- .10816
VM-2978.
UM-16 .675
TWIST- .613
S IGDDX-TMAX/PROJOI
BQ-2 .*UM-.27.*SIGDDM*UM*UM/( 4. *TWIST*VM*Vy4)
CQ-UM*UM )2

A-VM*(l1.+B/UM.)
TM-.2.*UM/VM
UO-EXP(LOG(UM)-2 .-UM/B)
WRITE (*,.(3X,F8.3,4X,3(F9.7,4X))') A,B,UO,TM
T-0.
TORKu'0.
U-0.
PRINT 300,T,TORK,U
U-UO
DT- .0005
DELT-DT/2.

200 VP-A*U/(B+U)
BB-B+U-(VP+A) *DELT
CC--( (VP+A)*U+VP*B)*DELT
DELUu.(-BB+SQRT(BB*BB-4.*CC) )/2.
DELT2-(B*LOG( 1.+DELU/tJ)+DELU)/A
U-U+DELU+ (DT-DELT2 )*A* (U+DELU )/( B+U+DELJ)
TORK-PROJOI*A*A*B*TWIST*U/(B+U) **3-
T-T+DT
PRINT 300,T,TORK,U

300 FORMAT( 3X,F5.4,4X,F7.0,4X,F7.4)
IF(T.LT.TM) GO TO 200

END
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